Abstract. Phenomenological renormalisation is used to calculate the exponent v and the connective constant of the self-avoiding walk problem on a square lattice. A transfer matrix technique is developed for the polymer problem. The results indicate that Flory's value v = 0.75 is true in two dimensions to extremely high accuracy.
Trying to calculate the critical properties of the two-dimensional self avoiding walk (SAW) by a real space renormalisation is no longer a very new idea (Hilhorst 1976 ,1977 , Shapiro 1978 , Coniglio and Daoud 1979 . However since the phenomenological renormalisation (PR) is becoming more and more useful to study two-dimensional systems (Nightingale 1976 , 1979 , Sneddon 1978 , 1979 , Nightingale and Blote 1980 , Rhcz 1980 , Derrida and Vannimenus 1980a , I found it interesting to use it in this case. The motivations for the present work were provided by the two following facts. First, the PR requires the calculation of the correlation lengths of strips of finite width. The standard technique to do so for spin systems is the transfer matrix method. It was therefore necessary to define a transfer matrix for the SAW. The procedure is similar to one proposed for percolation (Derrida and Vannimenus 1980a) . The interest of the definition given here is that it can be generalised to other polymer problems (solution of polymers, branched polymers, vulcanisation). Secondly, the SAW is simple enough to allow calculations for strips of rather large width. The other purpose of this work was to study the convergence of the PR when the width n of the strip increases. Up to now, the convergence law is not well understood except in the Ising case where the critical temperature and the critical exponent v calculated by the PR with strips of width n and n -1 and periodic boundary conditions converge respectively like n -3 and n-' to their exact values. (Nightingale 1976, Derrida and Vannimenus 1980b) .
The PR method introduced by Nightingale (1976 Nightingale ( , 1979 ) is based on finite-size scaling arguments. I merely recall here the principle of the method without repeating its justifications. Suppose that one wants to study the critical properties of a twodimensional model with coupling constant x. Using the transfer matrix one can calculate the correlation length &(x) of a strip of width n. The PR consists in writing a renormalisation equation which expresses the changes of the interaction x associated with the change of scale of ratio n/m. The critical point and the exponent v of the two-dimensional problem can be L6 letter to the Editor calculated from equations (2) and (3):
Other exponents can be calculated by similar formulae.
As far as n and m are finite, the method is an approximation which can be improved by choosing n as large as possible and m = n -1 (Nightingale 1976 , Derrida and Vannimenus 1980b , dos Santos and Sneddon 1980 . In order to use the PR method for the SAW, one has to define the correlation length as a function of a parameter x in the same way as for spin models. This can be done using the famous q + 0 limit of the classical q-component Heisenberg model (de Gennes 1972 , des Cloizeaux 1975 , Daoud et a1 1975 Equation (4) relates the correlation function (So S R ) of Heisenberg spins located on sites 0 and R to the number of self-avoiding walks NoR(p) of length p going from site 0 to site R, x is the nearest-neighbour interaction in the Heisenberg model. When the distance R between the two sites becomes large, the correlation function decreases exponentially in the high-temperature phase. In the q+O limit this defines the correlation length 
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Obviously T ( V, V') = x""") where t( (e, (e') is the number of monomers one has to add to configuration %' at column N to give rise to configuration (e at column N + 1. If there is no way to connect two configurations (e and %', the matrix element T(%, (e') is zero. So the size of the transfer matrix is the number of configurations (e and its elements are either zeros or integral powers of x. Clearly, when the two columns No and NR are very far from one another, one has (8)
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where A (x) is the largest eigenvalue of the matrix T. So the correlation length [(x) can be calculated by From a practical point of view, the size of the matrix can be reduced using the symmetries of the strip. These reduced sizes S, for strips of width n with periodic boundary conditions and free boundary conditions are given in tables 1 and 2 respectively. The general expression of these sizes is too complicated to be given here. Let me just mention that for large n, S, increases like 3".
The self avoiding walk was studied here on a square lattice. The results shown in table 1 were obtained by calculating [,, (x) for strips with periodic boundary conditions and by using formulae (2) and (3) . The discrepancy between those previous works and Flory's value is however, recovered here for narrow strips and is probably due to small size effects. Table 1 . Results of the phenomenological renormalisation for the SAW problem using strips of width n and n -1 with periodic boundary conditions. S, is the size of the transfer matrix for a strip of width n once the symmetries have been used. The uncertainty on x, and Y calculated for all the choices of n and m is less than lo-' for x , and for v. Table 2 contains the results of the PR for strips with free boundary conditions. The results are worse than in the periodic case and the convergence of v is not even monotonic. However, for large width the agreement with the periodic case seems to take shape.
The extrapolation of the results of and the convergence law is well described by apower law (n-3.5) for v and xc. The Flory value v = 2 and the connective constant x c = 0.37900 given by McKenzie (1976) are out of the error bars of equations (10). However, one cannot be sure that the asymptotic regime in n has been reached. Non-monotonic convergence might occur for larger sizes 
